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Abstract 
LaFeO3-doped hierarchically mesoporous/macroporous silica (LFO/MMS) was prepared for 
the first time by impregnation method and then calcination. The sample was characterized in 
detail, suggesting the successful incorporation of LFO into MMS which was consisting of 
mesopores and macropores. The high surface area, accessible pores as well as low band gap 
energy supported its high performance towards efficient photoassisted-Fenton degradation of 
dye under visible light irradiation. Rhodamine B (RhB), which has been widely used as one 
of typical synthetic dyes in textile industry, was selected as the dye model. It was found that 
the incorporation of LFO into the MMS support induced a significant enhancement in the 
visible-light photo-Fenton catalytic performance, as compared with pure LFO. The 
degradation rate using LFO/MMS under the conditions (temperature = 25 °C, catalyst dosage 
= 1 g L
-1
, initial dye concentration = 10 mg L
-1














initial pH = 6) was 95.6% after 90-min exposure to the visible light. This was 7% and 19.8% 
greater than that of LFO and MMS, respectively. In particular, the pseudo-first-order reaction 
rate constant for LFO/MMS was 0.0367 min
-1
, which was approximately 2 times higher than 
that for pure LFO (0.0215 min
-1
). The newly developed catalyst, LFO/MMS, showed a good 
stability for recycle and reuse, which is crucial for its potential use in industrial application.  
Keywords: LaFeO3; mesoporous; macroporous; silica; photo-Fenton  
1. Introduction 
Recently, hierarchically structured porous materials have attracted increasing research 
interest due to their diversity and performance [1-3]. These materials well integrate multiple 
levels of pores from structure; and present multimodal pore size distributions from 
micropores (< 2 nm), mesopores (2 nm – 50 nm) to macropores (> 50 nm), which can be 
micro-meso, micro-macro, meso-macro, micro-meso-macro or meso-meso-macro [4]. For 
example, Liu et al. reported that MnO2 hollow submicrospheres assembled by one-dimension 
nanorods building blocks with rich mesoporosity [5]. The resulting material showed superior 
catalytic performance and stability in the Fenton degradation of methylene blue (MB) [5]. 
Tao’s group prepared the catalysts by loading Fe2O3 (the size of hundreds nanometres) into 
the hierarchically porous silica (HPS) skeleton, which exhibited the features of micropores, 
mesopores and macropores [6]. The BET surface areas, pore sizes and volumes were larger 
than those of commercial Fe2O3; which might greatly facilitate the molecular diffusion inside 
the catalysts and in turn improved the photo-Fenton degradation of azo-dye Orange II [6]. 
The hierarchically meso/macroporous TiO2 showed improved reactivity and light harvesting 
capability, thanks to the macrochannels providing a light-transfer path for incident photon to 
penetrate inside the porous frameworks [7]. Hierarchically porous TiO2 was also used as host 














dye degradation [8, 9]. As can be seen, the combination of high surface area arising from the 
microporous or/and mesoporous structure and accessible diffusion pathways given by the 
macroporous channels shows advantageous features; which have been found not only benefit 
for the use in water treatment, but also in other fields, e.g. chemical catalysis, gas storage, 
water purification and separation [10]. Especially in comparison to mono-sized porous 
material, hierarchically porous materials can always endow improved properties and thereby 
are of great interest [11].  
In general, a template or the combination of two or more is required when building up these 
hierarchically porous complexes. For example, Wang and co-workers employed 
poly(methacrylic acid) as a spherical soft template to synthesize metastable β-Ag2WO4 using 
the precipitation reaction between AgNO3 and Na2WO4 [12]. The obtained β-Ag2WO4 




) and hierarchically porous structure 
which was consisting of micropores, mesopores, and macropores. Its use removed 
approximately 90% of MO and phenol after 325-min and 180-min exposure to UV irradiation 
[12]. Lei et al. prepared hierarchically porous ZnO using urea and trisodium citrate as the 
templates in the hydrothermal reaction followed by calcination [13]. The obtained ZnO 
microspheres showed a significantly enhanced photocatalytic performance in the removal of 
methylene blue (MB) than commercial ZnO and TiO2 [13]. In 10
-5
 M RhB solution, a 
complete removal by using the hierarchically porous ZnO was achieved after 80 min under 
UV irradiation; whilst that for commercial ZnO and TiO2 was only ~30% and 60%, 
respectively [13].  
In recent years, a great deal of effort has been contributed to developing different types of 
hierarchically porous hard templates, such as niobia [14], silica-alumina [15], and silica [14, 
16-19], which can be used to achieve facile synthesis of catalysts with multimodal pores. 














hydrophobicity and non-charged framework [20]. However, so far, there has been no study 
exploring the use of hierarchically porous silica as a support to design a perovskite-integrated 
catalyst with a multimodal pore structure.  
Lanthanum ferrite (LaFeO3; LFO), which is one of ABO3-type perovskite members, is an 
important functional material with a wide variety of potential applications in fuel cells [21, 
22], chemical sensors [23, 24], and biosensors [25]. In addition, LFO has been well known as 
an efficient visible-light-driven catalyst due to its narrow band gap energy [26-28]. However, 
most of perovskite photocatalysts have low specific surface areas due to the agglomeration of 
particles during the synthesis, which limit their performances [29]. The literature suggests 
this issue be able to be solved if incorporating the perovskites into/onto the porous supports, 
which might improve the dispersion of catalyst particles on the support surface and restraint 
their agglomeration [30]. Peng et al. employed montmorillonite (MMT) as a support and 
developed LaMO3/MMT (M = Fe, Co, Ni) photocatalysts for visible-light-initiated 
degradation of Rhodamine B (RhB) [31]. LFO/MMT exhibited remarkable adsorption 
capability and excellent performance with 99.34% of RhB removal after 90-min exposure to 
visible light [31]. Su and co-workers used SBA-16 as a support for depositing LFO and 
demonstrated the excellent photocatalytic performance of resulting composite for RhB 
degradation under visible light irradiation [29].  
Taken account of the aforementioned benefits arising from the hierarchical pores of catalyst 
and the inherent properties of silica support, our research targeted at the development of 
novel LFO-incorporated hierarchically meso/macroporous silica for efficient visible-light-
assisted Fenton catalytic degradation of dye. Rhodamine B was selected herein as a dye 
model, which is an important representative of xanthene dyes usually used in textile industry. 
It poses carcinogenic and teratogenic effects on the health of human beings and affects the 














complex aromatic structure, RhB has good resistance to biodegradation and photolysis [34]. 
Photo-Fenton process is believed as a promising technique for RhB removal since several 
advantages, e.g. easy operation, high efficiency and cost effectiveness, can be seen over other 
treatment processes [35, 36]. Therefore, in this work, we synthesized LFO-doped 
meso/macroporous silica (LFO/MMS) by a facile method, impregnation and subsequent 
calcination. It exhibited improved photo-Fenton catalytic activity and good reusability in 
terms of RhB removal under visible light irradiation. The possible mechanisms governing the 
RhB degradation over LFO/MMS were also discussed in this paper. To the best of our 
knowledge, so far, there has been no open literature available on the design of LFO-doped 
meso/macroporous silica for use in the catalytic degradation of dye.  
2. Experimental 
2.1 Material Synthesis 
Hierarchically meso/macroporous silica was prepared at 35 °C in a buffer solution (pH = 5.0) 
using P123 (Sigma-Aldrich) as a template based on the previous study [37, 38]. Typically, 1 
g of P123 and 1.7 g of Na2SO4 (0.4 M) (Chem-Supply) were dissolved in 30 g of NaAc–HAc 
(Ac = acetate) (Rowe Scientific) buffer solution (pH = 5.0) (Ct = 0.04 M, 
where Ct = CNaAc + CHAc). The resulting solution was stirred to form a homogeneous solution, 
followed by the addition of 1.52 g of tetramethyl orthosilicate (TMOS; Sigma-Aldrich). The 
stirring was continued for 5 mins after adding TMOS. The solution was kept in an autoclave 
under a static condition for 24 h and was heated at 100 °C for another 24 h. After that, the 
autoclave was allowed to cool down to room temperature naturally. The obtained product was 
washed with deionised (DI) water and dried at 25 °C. It was then calcined in air at 550 °C for 
5 h (ramp rate of 2 °C/min from 25 °C to 550 °C) to obtain the final meso/macroporous silica 














LaFeO3-doped meso/macroporous silica (LFO/MMS) was prepared by impregnation method 
and then calcination. Briefly, 4.33 g La(NO3)3.6H2O (Sigma-Aldrich), 4.04 g Fe(NO3)3.9H2O 
(Alta Aesar) and 4.608 g citric acid (Sigma-Aldrich) were dissolved in a mixture of 10 mL of 
DI water and 20 ml of ethanol to form a homogeneous solution. After stirring at room 
temperature for 3 h, 2 g of MMS was added to the above solution. The resulting solution was 
continuously stirred at 70 °C to evaporate the solvent, dried at 80 °C and then calcined at 700 
°C for 4 h. The prepared catalyst was denoted as LFO/MMS. For comparison, LFO was 
prepared following the similar above procedures but in the absence of MMS.      
2.2 Material Characterization 
The powder samples were coated by sputtering of a thin platinum layer and examined by 
scanning electron microscopy (SEM, 5 kV, Zeiss 1555, VP-FESEM). X-ray powder 
diffraction (XRD) experiments were performed on a GBC eMMA X-ray diffractometer with 
Cu Kα radiation using an acceleration voltage of 35 kV and a current of 28 mA. The 
diffraction angle 2θ was scanned from 10 ° to 80 ° at a rate of 1 °/min. Nitrogen adsorption-
desorption isotherms were measured at 77 K using SAPA2010 (Micromeritics Inc, USA). 
The surface area was determined from the linear part of the BET plot (P/P0 = 0.05 ~ 0.30) and 
the pore size was calculated from the desorption branch of the isotherm by using Barrett-
Joyner-Hallenda (BJH). The total pore volume was evaluated from the adsorbed nitrogen 
amount at a relative pressure of 0.98.  Optical properties of the samples were characterized on 
a Perkin Elmer Lambda 750 UV/Vis/NIR spectrophotometer mounted with an integrating 
sphere accessor and using BaSO4 as a reference.  
2.3 Evaluation of Catalytic Activity Using RhB 
Photocatalytic activity of the sample was conducted by adding 100 mg LFO, MMS or 
LFO/MMS into 100 mL of 10 mg L
-1














(300 mL), surrounding by a circulating water jacket to maintain solution temperature at 
ambient temperature. A photo-Fenton-like reaction was initiated by introducing 1 mL H2O2 
to the suspension. A Xenon lamp (CEL-HX F300) was used with a 400 nm cut-off filter to 
provide visible light for photocatalytic degradation test. Before the photocatalytic reaction, 
the suspension was magnetically stirred in the dark for 30 mins to reach the adsorption-
desorption equilibrium. Then, the suspension was exposed to visible light for 90 mins. 
Samples were taken from the suspension at selected time intervals and centrifuged at 10,000 
rpm; the obtained supernatant was gathered for the UV-Vis absorption analysis using Perkin 
Elmer Lambda 750 UV/Vis spectrometer to determine the concentration of RhB solution. 
The photo-Fenton catalytic degradation % was calculated using formula given below: 
                              𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) = (1 −
𝐶𝑡
𝐶0
) × 100%                                                      (1) 
where C0 and Ct are the RhB concentrations before degradation and during degradation at a 
given period of time, respectively.  
The total removal rate of dye using the as-prepared sample was calculated:  
                                     𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 (%) = (1 −
𝐶𝑖
𝐶
) × 100%                                               (2) 
where C and Ci are the concentration of RhB in the fresh solution before starting adsorption 
and the concentration of RhB at a given period of time during the adsorption – degradation 
process, respectively.  
To understand the degradation kinetics of RhB as well as to quantitatively compare the 
catalytic performance of the materials under different reaction conditions, the zero, pseudo-


























2 (5)  
where C is the concentration of RhB; k0, k1, and k2 are the apparent kinetic rate constants of 
zero-order, pseudo-first-order, and pseudo-second-order reaction, respectively; t is the 
reaction time. 
The reusability of photocatalyst was performed by repeating the degradation tests (four times) 
under the similar above reaction conditions. The concentrations of Fe and La ions in the 
solution after the photo-Fenton degradation were determined via Inductively Coupled Plasma 
– Mass Spectrometry (ICP-MS, PerkinElmer’s NexION 350) to monitor their leaching from 
LFO/MMS. 
3. Results and Discussion 
3.1 Material Characterization  
Fig. 1 presents the XRD patterns of LFO/M S, as compared with those of MMS and LFO. 
The characteristic peak detected at 2θ = 23
o
 in the XRD pattern of MMS indicates the 
presence of amorphous silica. It is noted that the intensity of this peak was significantly 
reduced when loading LFO into MMS. In the sample of LFO/MMS, all of the characteristic 
diffraction peaks well matched those observed in the XRD pattern of pure LFO, which was 
synthesized without the use of MMS support. It strongly suggests the successful loading of 
LFO, which exhibited the orthorhombic structure (JCPDS No. 37-1493), into MMS [40]. No 















Fig. 1. XRD patterns of LFO, MMS, and LFO/MMS. 
Fig. 2 shows the morphological property of LFO/MMS, as compared with MMS and LFO. 
The SEM image of LFO showed agglomeration of small particles with an average size of 
~300 nm; whilst that of MMS exhibited a unique macroscopic network structure with 
macropores ranging 500 nm – 3 µm. The morphology of LFO/MMS observed by SEM was 
similar to that of MMS, implying that the structure of MMS support can be largely retained 
during the incorporation of LFO into MMS. In particular, the high-magnification SEM image 
revealed the presence of agglomerated particles inside the macropores of MMS, which were 
further examined by TEM as shown in Fig. 3. No significant LFO crystals or clumps were 















Fig. 2. SEM images of LFO, MMS and LFO/MMS. 
 
Fig. 3. (a) TEM image of LFO/MMS; (b) HAADF scanning TEM image of LFO/MMS and 
(c-f) the Si, La, Fe and O elemental mapping. 
The TEM image (Fig. 3a) further confirmed the presence of macropores ranging from 500 














The distribution of La and Fe, which were the elements of LFO, in the porous silica support 
MMS was shown in the elemental mapping images (Fig. 3c-f). This further confirmed the 
successful loading of LFO into MMS.  
Fig. 4a shows the nitrogen adsorption-desorption isotherms of MMS and LFO/MMS both 
exhibited type IV accompanied by a type H2 hysteresis loop, suggesting the existence of 
typical mesoporous structure [41]. The BJH pore size distribution plots (Fig. 4b) further 
confirm MMS and LFO/MMS having mesoporous structures. It was reported that the 
decrease in the amount of physisorbed nitrogen was originated from a reduced specific 
surface [42]. This can be seen in the nitrogen adsorption-desorption isotherm of LFO/MMS 
(Fig. 4a), which may be attributed to the introduction of LFO into the porous structure of 
MMS, especially mesopores. The specific surface area and pore volume of LFO/MMS was 
161.35 m
2
/g and 0.28 cm
3





/g. The average pore size of MMS and LFO/MMS calculated by the BJH 
method was approximately 8.28 nm and 6.20 nm, respectively. On the other side, the pure 
LFO powders showed the surface area of 8.06 m
2
/g (Fig. 4a) and no apparent presence of 
mesopores (Fig. 4b). Therefore, as compared with LFO, LFO/MMS exhibited much greater 
specific surface area with accessible mesopores, providing more active sites and pathways for 















Fig. 4. (a) N2 adsorption-desorption isotherms and (b) BJH pore size distributions of LFO, 
MMS and LFO/MMS. 
Fig. S1 shows the FTIR spectra of LFO, MMS and LFO/MMS. In the FTIR spectrum of 
LFO, a peak at 535 cm
-1
 was seen, corresponding to the Fe-O stretching bands which are the 
characteristics of octahedral FeO6 in LFO [43]. No other significant bonds appeared 
indicating relatively pure phase formation, which was further supported by the XRD patterns 
(Fig. 1). In the FTIR spectrum of MMS, the broad bands at 3472 cm
-1
 and 993 cm
-1
 are due to 
Si-OH stretching of surface silanol group and vibrational structure of Si–O–Si [44, 45]. When 
LFO was incorporated to MMS, a new band at around 528 cm
-1
 was observed in the spectrum 
of LFO/MMS. This new band could be attributed to the Fe-O stretching bands in LFO. This 
suggests that LFO was successfully incorporated in the MMS support. Moreover, the 
intensity of the band at 3472 cm
-1
 considerably decreased, which is probably due to the 
covering of silanol groups on the surface of MMS by LFO.  
Fig. 5a shows the UV-vis absorption spectra of LFO and LFO/MMS compared to that of 
MMS, which exhibited no significant absorption in the range of visible light. LFO and 
LFO/MMS both exhibited a broad absorption peak in the visible region (400 nm – 800 nm). 
















 versus the energy of adsorbed light hʋ [46], as shown in Fig. 5b. 
The corresponding bandgap energy of LFO and LFO/MMS was 2.36 eV and 2.34 eV, 
respectively. The small bandgap of LFO/MMS may be ascribed to that the doping of 
perovskite into meso/macroporous MMS, which act as actives sites on the silica support to 
harvest visible light. Meanwhile, the observed macroporous channels (Fig. 2) play an 
important role as light-transfer paths, that allow photons reaching the active sties [47]. 
Indeed, in terms of visible-light-driven catalyst, a small band gap is the advantageous feature 
[48]. The small band gap energy of LFO/MMS reveals a feasibility of it absorbing visible 
light for efficient photo-Fenton catalytic degradation of dye.   
  
Fig. 5. (a) UV-vis absorption spectra of LFO, MMS and LFO/MMS and (b) corresponding 
bandgaps of LFO and LFO/MMS. 
3.2 RhB Removal and Mechanisms 
Fig. 6 shows the removal of RhB using LFO, MMS and LFO/MMS. Before initiating photo-
Fenton reaction, MMS adsorbed ~50% of RhB from water as compared with negligible 
adsorption over LFO (~2%). This can be explained by the structural characteristics of MMS, 
e.g. greater specific area and porosity, which may offer extra spaces and pathways to enhance 
RhB adsorption. More importantly, MMS, which was made of silica and possessed ample 














hydrogen bonds. The successful loading of LFO onto MMS might cover some of surficial 
silanol groups; this can be supported by the reduced intensity of the band at 3472 cm
-1
 in the 
FTIR spectrum of LFO/MMS when compared with that of MMS (Fig. S1). Only ~ 20% RhB 
was removed by LFO/MMS via adsorption in dark.  
In Fig. 6, after photo-Fenton initiated by the use of visible light and introduction of H2O2, 
LFO/MMS exhibited the highest performance with 96.6% RhB being removed in 90 mins; 
whereas LFO and MMS could only remove 88.8% and 61.9% under the same reaction 
conditions. When using MMS, little RhB was removed by the photo-Fenton reaction. The 
extremely low degradation efficiency suggests that MMS could not work as the photo-Fenton 
catalyst under visible light, which is in a good agreement with the negligible light absorption 
property of MMS in the visible range (Fig. 5a). On the other side, LFO and LFO/MMS show 
much greater photo-Fenton activity for RhB removal. Especially, considering the same 
dosage of catalyst was adopted, the amount of LFO (theoretical 15 mol% LFO doping) in 
LFO/MMS participating the photo-Fenton reaction was much lower than that when using 
pure LFO. We also noted, during our experiment, the 90-min degradation of RhB using 
LFO/MMS and our visible light source in the absence of H2O2 was only ~4%. 
It is commonly accepted that the interfacial Fe atoms (denoted as ≡FeIII) of perovskite-based 
catalysts can activate H2O2 to form hydroxyl radicals (
•
OH) during the Fenton-like reaction 
(Fig. 7) [49, 50]. Meanwhile, LFO/MMS catalyst can absorb the visible light to produce 
photogenerated electron-hole pairs following photocatalytic mechanism (Fig. 7) [51]. The 
electrons are trapped by H2O2 to generate highly reactive hydroxyl radicals (
•
OH) [49]. 
Possible mechanisms for the photo-Fenton-like reaction over LFO/MMS were proposed as 
illustrated in Fig. 7. Fig. S2 further verifies the important role of hydroxyl radicals in the 
photo-Fenton process by using ethanol as a scavenger of 
•
OH in the trapping experiment. 














confirms the presence of 
•
OH in the reaction system as well as the essential role in the photo-
Fenton-like degradation of RhB using LFO/MMS. 
As compared with the relatively small surface area of LFO (8.06 m
2
/g), the larger specific 
surface area of LFO/MMS (161.35 m
2
/g), which benefited from the meso/macroporous 
support MMS, could enhance active sites exposed for photo-Fenton reaction and accessible 
channels for dye transport [52]. Moreover, the macropores may serve as mass-transfer paths 
and reduce transport resistance for dye molecules reaching active sites of LFO, which were 
located in the MMS [11]. Literature also supported that the introduction of macropores into 
mesopores frameworks could considerably improve the performance of mesoporous catalysts 
due to the enhanced diffusion of reactants and products [11].  
 
Fig. 6. Removal of RhB using LFO, MMS and LFO/MMS (reaction conditions: temperature 
= 25 °C, initial dye concentration = 10 mg L
-1
, catalyst dosage = 1 g L
-1
, initial H2O2 















Fig. 7. Schematic of RhB degradation over LFO/MMS. 
3.3 Photo-Fenton Removal of RhB using LFO/MMS 
The effects of catalyst loading, dye concentration and solution pH on the degradation 
efficiency versus irradiation time were illustrated in Fig. 8a, b and c. In order to further study 
the RhB degradation kinetics of LFO/MMS under different conditions, the data were fitted by 
using the zero, first and second-order kinetic models [39]. The corresponding regression 
coefficients (R
2
) and rate constants (k) were listed in Table 1. In general, the photo-Fenton 
catalytic degradation of RhB under different conditions conformed to the pseudo-first-order 
kinetic model, when compared with the zero-order or second-order kinetics. 
Fig. 8a shows that the performance of the heterogeneous photo-Fenton reaction using 
LFO/MMS increased with an increase of catalyst dosage and then decreased after the loading 
was greater than 1 g L
-1














suspension, induced by the increase of catalyst loading, which largely blocked the penetration 
of visible light and in turn reduced the formation of 
•
OH radicals. Ai et al. reported the 
similar observations for the degradation of Acid blue 29 by using iron-modified mesoporous 
silica in the photo-Fenton system [53]. Herein it was concluded that the catalyst dosage of 1g 
L
-1
 was the optimum amount with the highest pseudo-first-order reaction rate constant k1 
value of 0.0367 min
-1
.  
Table 1. Kinetic parameters for the degradation of RhB over LFO/MMS. 
Variables  Zero-order kinetic First-order kinetic Second-order kinetic 









 0.0178 0.7242 0.0258 0.9796 0.0574 0.8654 
0.8 g L
-1
 0.0188 0.7269 0.0274 0.9965 0.0616 0.8647 
1 g L
-1
 0.0206 0.7440 0.0367 0.9948 0.1295 0.8994 
1.2 g L
-1
 0.0193 0.7301 0.0294 0.9941 0.0747 0.8498 
       







10 mM 0.0206 0.7440 0.0367 0.9948 0.1295 0.8994 
15 mM 0.0215 0.7350 0.0409 0.9943 0.1713 0.9040 
20 mM 0.0189 0.7196 0.0279 0.9804 0.0700 0.7629 
25 mM 0.0180 0.7179 0.0253 0.9821 0.0561 0.7802 
       







pH 4 0.0193 0.7387 0.0302 0.9963 0.0798 0.8642 
pH 6 0.0215 0.7350 0.0409 0.9943 0.1713 0.9040 
pH 8 0.0184 0.7301 0.0270 0.9903 0.0617 0.8755 
















Fig. 8. Effect of catalyst dosage (initial H2O2 concentration = 10 mM) (a), H2O2 
concentration (b) and pH (initial H2O2 concentration = 15 mM) (c) on photodegradation of 
RhB (reaction conditions (if no specified): temperature = 25 °C, catalyst dosage = 1 g L
-1
, 
initial dye concentration = 10 mg L
-1
, and initial pH = 6). 
The influence of H2O2 concentration on the RhB removal was investigated by changing its 
concentration from 10 mM to 25 mM (Fig. 8b). In the photo-Fenton system, hydrogen 
peroxide plays an essential role to react with the catalyst and produce 
•
OH radicals, which 
attack organic dyes. When the H2O2 concentration was increased from 10 mM to 15 mM, the 
RhB removal was slightly enhanced due to the formation of more hydroxyl radicals. The 
highest RhB degradation rate, 96.9% (k1 = 0.0409 min
-1
), was observed at 15 mM H2O2. 
However, the continuous increase of H2O2 concentration from 20 mM to 25 mM lowered the 
RhB degradation. This could be ascribed to the reaction between the excess amount of H2O2 
and 
•
OH radicals, producing less reactive hydroperoxyl radicals (HO2
•
) (Eq. 6) [54]: 
                                                                         •
OH + H2O2 → HO2
•
 + H2O                                             (6) 
Fig. 8c shows the profiles of RhB degradation under different solution pHs (4 – 10); 
suggesting that the initial solution pH can significantly affect the degradation of RhB. The 
best activity was achieved at pH = 6 with 96.9% RhB removal (k1 = 0.0409 min
-1
). The 
reduced degradation rate when pH was lower than 6 (e.g. 94.2% at pH = 4) could be 
attributed to the fact that in acidic medium, overabundance of H
+
 ions played a role as the 
scavengers of hydroxyl radicals (Eq. 7) [53]: 






 → H2O                                                      (7) 
On the other hand, when solution pH was at pH 8 or 10, the photo-Fenton catalytic activity of 
LFO/MMS was observed to decrease. This is due to the significant self-decomposition rate of 














                                                  2H2O2 →2H2O + O2                                                     (8) 
As discussed above, the optimal conditions for high-performace photo-Fenton degradation of 
RhB (96.9%) using LFO/MMS were suggested as: temperature = 25 °C, catalyst dosage = 1 g 
L
-1
, initial dye concentration = 10 mg L
-1
, initial H2O2 concentration = 15 mM and initial pH 
= 6. After finishing the first cycle of the photo-Fenton process, the LFO/MMS catalyst was 
collected by centrifugation, and then washed with DI water and dried in oven at 80 °C 
overnight. The recovered catalyst was applied for the next cycle of photo-Fenton catalytic 
degradation of RhB. At the fourth run, the photo-Fenton degradation of RhB after 90-min 
exposure to visible light irradiation reached 95%, as compared to 96.9 % at the first run. A 
slight drop (1.9%) of degradation rate (Fig. 9a), accompanied with almost unchanged crystal 
structure (Fig. 9b), implies the catalyst of LFO/MMS exhibited a good stability for recycle 
and reuse. The result of ICP-MS analysis also strongly supports this conclusion. It showed 
4.823 mg L
-1
 La and 0.051 mg L
-1
 Fe in the solution after the photo-Fenton reaction, 
suggesting negligible amount of metal leaching from the catalyst and in turn good stability of 
LFO/MMS in reuse. Future work will use LFO/MMS to treat synthetic and actual dye-
containing wastewater via photo-Fenton degradation to evaluate its potential, including its 















Fig. 9. (a) Stability of LFO/MMS over photo-Fenton-like catalytic degradation of RhB in 
four cycling runs (reaction conditions: temperature = 25 °C, catalyst dosage = 1 g L
-1
, initial 
dye concentration = 10 mg L
-1
, initial H2O2 concentration = 15 mM and initial pH = 6) and 
(b) XRD patterns of fresh LFO/MMS and spent LFO/MMS after 4 cycles of photo-Fenton-
like catalytic degradation of RhB. 
4. Conclusions 
Novel LaFeO3-doped meso/macroporous silica (LFO/MMS) catalyst was synthesized by the 
impregnation – calcination method. It efficiently removed RhB via the photoassisted-Fenton 
reaction and exhibited a good stability after 4 cycles of repetitive use. It has been found that 
the catalyst dosage, H2O2 concentration and initial pH solution had great influences on the 
degradation of RhB. 96.9% of RhB degradation rate was achieved in 10 mg L
-1
 RhB solution 
(pH of 6) when using 1 g L
-1
 LFO/MS and 15 mM H2O2 after 90-min visible light irradiation. 
The enhanced activity of LFO/MMS as compared with pure LFO was ascribed to its unique 
hierarchically meso/macroporous structure, which might greatly improve the transfer of 
visible light, exposure of active sites and diffusion of dye molecules.  
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 LaFeO3-doped mesoporous/macroporous silica was studied for photo-Fenton 
 Its structure and bandgap supported efficient photo-Fenton degradation of dye 
 It was much more effective in removing dye compared to pure LaFeO3 
 Its use was optimized by varying solution pH, H2O2 and catalyst concentration  
 It showed good stability and reusability  
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